Prompted by the recent report on the evidence for superconductivity at ambient temperature and pressure in nanostructures of silver particles embedded into a gold matrix [arXiv:1807.08572], we have exploited first principles materials discovery approaches to predict superconductivity in the 3D bulk crystals and 2D slabs of Ag-Au binary alloys at 1 atm pressure within the phonon-mediated BCS-like pairing mechanism. In calculations, it turns out that, the estimated superconducting transition temperatures of the ensued stable and metastable Ag-Au alloys resulted in T c as low as one mK. Whereas similar calculations for the known superconducting intermetallic compounds consisting of gold, Laves Au 2 Bi and A15 Nb 3 Au predict T c ≈ 3.6 K and 10
correlation? Analysis of the materials data on superconductors indicates that numerous compounds are known to be superconducting (at 1 atm), but not their constituent elements. 32, 33, 34, 35 For example, MgB 2 is a bulk superconductor with T c ≈ 39 K, where the elements Mg and B are not superconductors in their ground states at 1 atm.
Superconductivity in Au-compounds is not uncommon either. Soon after the discovery of superconductivity in Hg, one of the first alloys measured for superconductivity by the Leiden team was Hg-Au (T c ~ 4 K, liquid-helium temperatures). 36 Subsequently, superconductivity has been observed in a fistful of gold alloys. 37, 38 Among all, the wellcharacterized binary superconducting compounds are: the pretty Laves Au 2 Bi 39 and A15
Nb 3 Au 40 intermetallic alloys with T c ~1.84 K and ~11.5 K, respectively. Note the increased transition temperatures of the alloys in reference to their elements Bi (0.53 mK) 12 and Nb (9.25 K) 4 . As will be seen, in our density functional theory (DFT) based electron-phonon calculations coupled to modified Bardeen-Cooper-Schrieffer (BCS) theory, the results not only indicate that these gold consisting alloys are superconductors, but also reveal superconductivity in the corresponding hitherto unknown silver analogues (Ag 2 Bi and Nb 3 Ag). In view of this, it may be appropriate and imperative to ask: Are the Ag-Au alloys BCS-like superconductors?
As cited earlier, although both the fcc Ag and Au elements are not superconductors, it was suggested in a recent article by Baskaran 41 that superconductivity may be confined at the interfaces of Ag-Au alloys due to the perturbation driven quasi 2D structural reconstructions (fcc to 9R also called as hR9 phase in hexagonal setting) and thereby the emergent local quasi 2D Fermi surfaces. It was also proposed in literature that the epitaxial thin films of Au (111) and Ag(111) surfaces are ideal for proximity induced superconductivity. 42 For example, in a recent study on V/Au bilayer heterostructure, it has been successfully demonstrated that the Au(111) films superconduct at T c ~ 3.9 K. 43 In this article, encouraged by these intuitive structure-property correlations, emerging properties, and the evidence 28 and also the absence (Ogale et al.) 44 of RTS in Ag-Au alloy nanostructures, we have theoretically investigated structures of Ag-Au bulk alloys and 2D slabs for any plausible superconductivity, at ambient pressure. As the alloy structures, the atomic ordering in the crystal lattices are not well defined in the experimental findings of This is in consistent with the previous experimental and theoretical findings. Material. 56 We have incorporated as many structures as computationally feasible for us to investigate superconductivity.
Since the Ag-Au alloys form stable solid solutions, finite temperature contributions are critical to develop accurate phase diagrams. The temperature corrected Ag-Au convex hull is shown in Figure 2c As one of the prime elements of this study is to search for superconductivity in AgAu system, the next best stable or interesting metastable structures depicted in Figure 2b have been explored for superconductivity. While as such there is no hard written rule that would direct which phase is more interesting (other than the low energy structures) to study for superconductivity in Ag-Au alloys, we have considered fcc and hcp like phases for which room temperature superconductivity has been proposed in experiments 28 and in theory, 41 respectively. The results are not encouraging, superconductivity has not been found above to 1 mK in any of the studied Ag-Au alloys, including 2D slabs. For three hexagonal AgAu 2 phases shown in Figure 5 , a T c of one mK is estimated. This may be attributed to a slightly improved λ of 0.23. The λ, ω log, N(E F ), and T c for each stable and metastable Ag-Au alloys are reported in Supplementary Material. As can be inferred from this Table, according to BCS or its modified versions of phonon-mediated theories of superconductivity, the factors responsible for the occurrence of possible superconductivity are absent in Ag-Au alloys.
The metastable AgAu 2 hexagonal structures are interesting. The most stable structure is of CdI 2 prototype (R-3m) with a complex arrangement of hexagonal layers (see Figure 5a ).
The other two are with staking sequence of α-Sm (or Li 9R) prototype. 
Conclusion:
In our calculations, within the phonon-mediated superconducting mechanism, we do not find signature of superconductivity above 1 mK. The chief reasons could be that it may well have to do with the weak electron-phonon coupling constant that persisted in equal magnitudes irrespective of the structure and composition of the Ag-Au alloys studied here.
